Precise measurements of evaporation and understanding of the physical controls on turbulent heat flux over lakes have fundamental significance for catchment-scale water balance analysis and local-scale climate modeling. The observation and simulation of lake-air turbulent flux processes have been widely carried out, but studies that examine high-altitude lakes on the Tibetan Plateau are still rare, especially for small lakes. An eddy covariance (EC) system, together with a four-component radiation sensor and instruments for measuring water temperature profiles, was set up in a small lake within the Nam Co basin in April 2012 for long-term evaporation and energy budget observations. With the valuable measurements collected during the ice-free periods in 2012 and 2013, the main conclusions are summarized as follows: First, a bulk aerodynamic transfer model (B model), with parameters optimized for the specific wave pattern in the small lake, could provide reliable and consistent results with EC measurements, and B model simulations are suitable for data interpolation due to inadequate footprint or malfunction of the EC instrument. Second, the total evaporation in this small lake (812 mm) is approximately 200 mm larger than that from adjacent Nam Co (approximately 627 mm) during their ice-free seasons. Third, wind speed shows significance at temporal scales of half hourly, whereas water vapor and temperature gradients have higher correlations over temporal scales of daily and monthly in lake-air turbulent heat exchange. Finally, energy stored during April to June is mainly released during September to November, suggesting an energy balance closure value of 0.97.
Introduction
The Tibetan Plateau (TP) is one of the most sensitive areas to climate change and contains tens of thousands of high-altitude lakes. Due to glacier and permafrost melt and increases in precipitation, the total number and area of these high-altitude lakes has increased over time [Liu et al., 2010; Zhang et al., 2011; Zhu et al., 2010] . Because they are considered to be an important indicator of climate change, plateau lakes have been subjected to hydrological analysis. Most previous studies on these lakes have used a combination of conventional meteorological data, remote sensing observations, and model simulations Lazhu et al., 2016; Li et al., 2001; Ma et al., 2016; Xu et al., 2009; Yu et al., 2011; Zhu et al., 2010] . More recently, measurements of eddy covariance (EC) have been made companied by the difficulties associated with the harsh environment, including strong winds, heavy icing, challenging field maintenance, and high financial costs [Biermann et al., 2013; Li et al., 2015; Liu et al., 2014; Wang et al., 2015] . These EC measurements provide direct observations of turbulent flux. However, nearly all the lake research that employs EC measurements has focused on large lakes, even though most of the lakes on the Tibetan Plateau are small (98% of the high-altitude lakes smaller than 1 km 2 ). Thus, long-term EC observations over high-altitude small lakes are needed for understanding turbulent flux interactions between lakes and the atmosphere and informing their roles in local water balance.
addition to the widely observed positive correlations between temperature and water vapor gradients on the one hand and sensible and latent heat fluxes on the other [Blanken et al., 2000; Blanken et al., 2003; Liu et al., 2012; Liu et al., 2009; Liu et al., 2014; Zhang and Liu, 2014] , net radiation is an important parameter for estimating evaporation over longer periods, such as 1 day, 10 days, or 1 month [Rosenberry et al., 2007; Yao, 2009 ]. However, no clear positive correlations have been observed between net radiation and turbulent heat flux in deep or large lakes [Blanken et al., 2000; Blanken et al., 2003; Liu et al., 2012; Zhang and Liu, 2014] . This result contrasts with the positive correlations from shallow lakes over periods longer than a week [Granger and Hedstrom, 2011; Nordbo et al., 2011] . The reason may be that water surface temperatures in small and shallow lakes respond much faster than those of large or deep lakes to penetration and absorption of solar radiation [Granger and Hedstrom, 2011] . For small lakes, a positive correlation is found between wind speed and latent heat flux Granger and Hedstrom, 2011] , while a poor correlation between these factors has been observed for a 0.041 km 2 boreal lake [Nordbo et al., 2011] . For large lakes, wind speed has no relationship with latent heat flux at Ross Barnett Reservoir [Liu et al., 2012; Liu et al., 2009; Zhang and Liu, 2014] ; however, a positive correlation has been observed for the Great Slave Lake for wind speeds greater than a particular threshold value . It has also been found that the presence of unstable (stable) atmosphere boundary layers causes H and LE to increase (decrease) [Brutsaert, 1982] . Another study found that a large upward LE persists during periods when the atmosphere is stable . Furthermore, Zhang and Liu [2014] found that, for Ross Barnett Reservoir, water vapor gradient plays a dominant role in determining energy fluxes under conditions involving large water vapor gradients, while atmospheric stability becomes significant under small water vapor gradients. Therefore, the processes controlling turbulent fluxes between lakes and the atmosphere are likely nonlinear and could be affected by many environmental factors (e.g., temperature and water vapor gradients, wind speed, net radiation, and atmospheric stability) [Liu et al., 2012; Zhang and Liu, 2014] . There is evidence that large latent heat fluxes (evaporation pulses) could be caused by entrainment of warm, dry air into synoptic weather systems or by high-wind events associated with cold fronts [Liu et al., 2012; Liu et al., 2009] , and such pulses have been observed in Lake Ngoring on the TP [Li et al., 2015] . Relative to other low-altitude lakes at the same latitude, the solar radiation is high because of a shorter traveling length in the atmosphere and a smaller air density. A predominantly unstable atmosphere is observed in the Nam Co basin [Biermann et al., 2013; Wang et al., 2015] and Lake Ngoring [Li et al., 2015] . Thorough understanding of the physical controls on turbulent flux over high-altitude lakes on the TP is urgently needed.
Evaporation from lakes is a fundamental component of catchment-scale water balance and energy budget analyses [Rouse et al., 2005; Venalainen et al., 1999; Zhu et al., 2010] . Given that they have a lower Bowen ratio (a ratio between H and LE) and a larger thermal inertia than the surrounding land, lakes favor a lower boundary layer height and increased humidity, which can influence local-scale weather, as well as large-scale circulation patterns [Nordbo et al., 2011] . Thus, the responses of lakes to global climate change could be reflected in changes in lake evaporation, which could accelerate climate warming due to increased amounts of water vapor in the atmosphere. Moreover, given that the climate of the TP is changing from cold and dry to warm and wet [Yang et al., 2014] , precise estimation of evaporation is significant for clarifying the relative importance of local vertical processes and regional horizontal advection as atmospheric moisture sources [Chen et al., 2012] . Further, although energy balance is one of the foundations of evaporation simulation and process modeling [Rosenberry et al., 2007; Yao, 2009] , studies of energy budget closure are still scarce [Gianniou and Antonopoulos, 2007; Nordbo et al., 2011; Sugita et al., 2014; Tanny et al., 2008] , especially on the TP. Estimation of evaporation and the energy budget of high-altitude lakes could provide important information for improving existing models and building new models for simulating these processes.
Lakes, especially small lakes, are sensitive indicators of climate change. The high-altitude lakes of the TP are natural study sites because they have experienced less interference from human activities. Based on a longterm EC monitoring program in a small high-altitude lake within the Nam Co basin during the ice-free periods of 2012 and 2013, our research has two objectives. These objectives are (1) to determine the relative significance of several environmental variables (temperature and water vapor gradients, wind speed, net radiation, and atmospheric stability) on turbulent heat fluxes over temporal scales of half hourly, daily, and monthly and (2) to obtain an assessment of the evaporation and energy balance closure of this small lake. After the materials and methods are introduced in section 2, the results and discussion are presented in section 3. Specifically, section 3.1 discusses the validation of our turbulent heat flux interpolations. Section 3.2.3
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Measurements and Methods
The small lake examined in this study (30°46 0 55″N, 90°58 0 10″E, 4715 m above sea level, about 1 km 2 with a deepest depth of about 14 m, triangle in Figure 1a ) is situated at the southeast edge of the larger lake Nam Co, with only 500 m of land in between ( Figure 1b ). The study area lies in a transition region between semihumid and semiarid climatic zones and is influenced by the westerly and monsoon systems (May to October). The lake-land breeze provides more precipitation (approximately 500 mm during the monsoon period) because of the small lake's proximity to Nam Co [Dai et al., 2016] . The dominant land cover is an Figure 1b ) has operated an EC system, a planetary boundary layer tower, and a four-component radiation sensor over the grassland for monitoring climatic, meteorological, and environmental changes in the lake basin [Ma et al., 2014] . Measurements in Nam Co station provide us a supplemental data for continuous meteorological observations in the small lake. After the short-term lake-air interaction experiment with an EC system in 2010 [Biermann et al., 2013] , we set up an energy balance system in the small lake (red triangle in Figure 1b ) for long-term measurements of evaporation and energy budget analysis. This system, which has been in operation since April 2012, lies 8 m offshore and contains an EC system, radiation sensors, and a temperature profile measurement system that provide direct observations of energy budget components. The instruments shown in Figure 1c include an EC system that is mounted 2.7 m above the water surface, which consists of a three-dimensional sonic anemometer (CSAT3, Campbell Scientific, Inc.) and an open-path CO 2 /H 2 O infrared gas analyzer (LI 7550, LI-COR, Inc.) for measuring three-dimensional wind speed (U x , U y , U z ), temperature (T a ), humidity (q a ), and pressure (P) of the air at 10 Hz. Additionally, a four-component radiation device (CNR4, Kipp & Zonen), 1.5 m above the water surface and toward the south, was used for measuring downward shortwave radiation (R ↓ ), downward longwave radiation (L ↓ ), upward shortwave radiation (R ↓ ), and upward longwave radiation (L ↓ ). Twelve temperature sensors are mounted 5 cm, 10 cm, 20 cm, 40 cm, 80 cm, and 160 cm above the water surface and 0 cm, 5 cm, 10 cm, 15 cm, 30 cm, and 60 cm below the water surface. These temperature sensors are fixed in a vertical pipe to prevent direct Sun exposure. The water surface temperature (T s ) is obtained from the sensor closest to the water surface. All the instruments are powered by two 80 W solar panels. Data are stored in a data logger (CR5000, Campbell Scientific, Inc.) and retrieved monthly.
The energy budget of a lake indicates that the incoming energy is balanced by outgoing energy and energy stored in water [Gianniou and Antonopoulos, 2007; Tanny et al., 2008] , and it can be expressed as equation (1).
where net radiation (R n , W m À2 ) is the sum of R ↓ , L ↓ , R ↓ reflected by the water surface, and L ↓ reflected and emitted by the water surface. R n is balanced by the sensible heat flux (H, W m À2 ), the latent heat flux (LE, W m À2 ), the heat storage change in the water (G s , W m À2 ), the heat transfer between water and the bottom sediments (G b , W m À2 ), and the net energy (G a , W m À2 ) gained or lost by the lake due to the exchange of water masses resulting from the inflow-outflow balance. As there is no surface inflow or outflow and there are no observations describing the heat transfer between water and sediments, G a and G b are omitted in energy budget analysis.
H and LE are obtained through the eddy covariance method using the "Turbulence Knight 3" software package (https://zenodo.org/record/20349#), and all relevant corrections (including time lag compensation, spike removal, planar fit rotation, spectral correction, and Webb-Pearman-Leuning density correction) are performed in the processing of high-frequency data [Mauder and Thomas, 2015] . Moreover, planar fit rotation, including data only from the direction of the lake, is performed to correct for the influence of the terrain structure of the bank [Biermann et al., 2013] . A footprint analysis shows that turbulent flux observations from the direction of the lake could represent lake-air interactions [Biermann et al., 2013; Wang et al., 2015] . Observations with poor data quality or those contaminated by land are interpolated using bulk aerodynamic transfer model (B model) simulations [Verburg and Antenucci, 2010; Wang et al., 2015] . The input variables of B model are traditional meteorological variables (T s , T a , q a , U z , and P), and the output variables are lake-air heat fluxes (H and LE) and friction velocity (U * ). The estimation methods are mainly expressed as equations (2) and (3):
where ρ a is the air density (kg m À3 ); c p is the specific heat of air (1005 J kg À1 K À1 ); L v is the latent heat of vaporization (J kg À1 ); U z (m s À1 ) is the wind speed at the reference height (Z = 2.7 m); T a (K) and q a (kg kg À1 ) are the temperature and specific humidity at the reference height, and T s (K) and q s (kg kg À1 ) are the same quantities at the water surface; and C H and C E are the bulk transfer coefficients for heat and water, respectively. The bulk transfer coefficients, assumed to be equal in B model, are related to atmospheric stability (ζ = Z/L) and rough-
Journal of Geophysical Research: Atmospheres 10.1002/2016JD026109 (m s À1 ), ν is kinematic viscosity of air (m 2 s À1 ), and g is gravitational acceleration (m s À2 ). The Charnock number (α = 0.031) and roughness Reynolds number (R r = 0.54) are optimized considering the specific wave effect of the small lake. Further details of the site, the EC data processing methods, the B model, and parameters optimization of the B model can be found in Wang et al. [2015] .
Heat storage change in the water can be obtained from lake temperature profiles [Blanken et al., 2000; Nordbo et al., 2011] . The heat storage change (G s ) of the lake at a given depth (z, m) over a given time interval (Δt, s) can be calculated using equations (4) and (5):
where ρ w (g m À3 ) and c pw (J kg À1 K À1 ) are the density and specific heat of water, respectively; T w (K) is the mean water temperature; and T wi (K) and Δz i (m) are the water temperature and the representative thickness of layer i (from 1 to n). When the reference temperature (T r , K) is taken to represent an ice-water mixture with a value of 0°C and is used as the origin, the cumulative water heat storage (G c , MJ m À2 ) can be expressed through equation (6). Due to the freezing and thawing processes, the temperature sensors in the water were all destroyed in April 2013. Because of the importance of surface water temperature changes caused by surface warming and cooling [Fairall et al., 1996] , one temperature sensor in the air was used to measure the T s of the water. Except for that, the temperature profiles did not function during 16 May to 6 July in 2012. Thus, considering the wave effects, lake-level variations (less than 20 cm), and strong mixing in the water surface layer, two representative temperatures, one close to the water surface and one at a depth of 60 cm, are chosen to represent the shallow mixing layer and "deep layer," with thicknesses of 0.3 m and 0.7 m, respectively. If the temperature at 60 cm was not available, only the temperature close to the water surface was used, representing a thickness of 1 m. The total calculated depth is 1 m if no further information is given.
To describe the similarity of variations between environmental variables and H and LE, the Fréchet distance [Alt and Godau, 1995] and the root-mean-square error (RMSE) are used to measure differences among selected pairs of normalized variables. All the variables (H, LE, U z ΔT, U z ΔE, U z , ΔT, ΔE, ζ , and R n ) are normalized to the range [0, 1] using the largest and smallest values from time series representing half-hourly, daily, and monthly data. The normalization equation is Out i ¼ IniÀInmin Inmax , where In is the original data set and Out is the normalized data set, where In min is the minimum, In max is the maximum, In i is a specific value at position i for half-hourly, daily, or monthly data series. A small Fréchet distance or low RMSE values indicate high similarity between two curves. In addition, the mean bias (MB), Pearson's correlation coefficient (R), and coefficient of determination (R 2 ) are also used for mathematical evaluation .
Results and Discussion

Heat Flux Interpolation
The B model, which is optimized for the specific wave pattern of the small lake , is chosen for half-hourly data interpolation to fill gaps due to instrument failure or inadequate footprint and quality. The B model was optimized using observations from 2012 (Figures 2a-2c ) and was further validated independently for observations from 2013 (Figures 2d-2f ). The correlation coefficients (0.87 and 0.83) and the slopes of lines of best fit that pass through the origin (1.03 and 0.91) in 2012, which could describe the relationship between simulated and observed H and LE values, are very close to those (0.84 and 0.82; 1.05 and 0.92) from data in 2013. Therefore, the B model with tuned parameters is appropriate for data interpolation over periods with low-quality or missing observations. However, overestimation in simulated H (for which the slope of the line of best fit is larger than 1) and underestimation in simulated LE (for which the slope of the line of best fit is smaller than 1) is found, and it results from the differences in observed roughness lengths for heat and for water, which are considered same in the B model simulations . The MB values are corresponding to the overestimation of simulated H and underestimation of simulated LE at monthly scales (Table 1) . The monthly averaged heat flux could be corrected by mean MB values, which were À 2.2 ± 1.1 W m À2 for simulated H and 11.2 ± 3.7 W m À2 for simulated LE, respectively. In addition, the Journal of Geophysical Research: Atmospheres 10.1002/2016JD026109 simulated monthly H and LE values follow the observations well, and the values with MB corrections are much closer to the observations.
Environmental Controls on H and LE Over Different Temporal Scales 3.2.1. Environmental Controls on Turbulent Flux Over Half-Hourly Scales
Relative to other single environmental variables, wind speed (U z ) has the most significant contribution to variation of half-hourly H (R 2 = 0.4) and LE (R 2 = 0.48), as shown in Figure 3 and Table 2 . With a relatively high correlation value of ΔT (R 2 = 0.38), the product (U z ΔT, R 2 = 0.77) of ΔT and U z determines the variation in H. Even though the correlation between ΔE and LE is weak (R 2 = 0.1), the product of ΔE and U z enhance the correlations between LE and U z ΔE (R 2 = 0.67) significantly. Due to the penetrating and absorbing of solar radiation in the water, R n is considered to have no obvious correlations with half-hourly H and LE [Zhang and Liu, 2014] , and this hypothesis is also supported by our observations (H_R n , R 2 = 0.06; LE_R n , R 2 = 0.03). The atmospheric stability (ζ , R 2 = 0.005) has no correlation with H, while its correlation (R 2 = 0.17) with LE is even higher than Journal of Geophysical Research: Atmospheres 10.1002/2016JD026109 that of ΔE. The strong correlations between ζ and LE corresponds to the fact that LE increase from "extremely unstable" conditions and achieve its largest value at "neutral" conditions ( Figure 4e ).
As the correlations between ζ and H and LE are highly nonlinear [Zhang and Liu, 2014] , variations of H, LE, and environmental variables are grouped at different atmospheric stability bins (extremely unstable [À10, À1], "unstable" [À1, À0.5], "weakly unstable" [À0.5, À0.1], "near neutral" [À0.1, À0.05], neutral, [À0.05, 0.05]) in Figure 4 , with coefficients of determination calculated at each bin. Obviously, H increases from extremely unstable atmosphere, peaks at near-neutral conditions, and then decreases in neutral conditions (Figure 4a ). And it is near zero or negative under stable conditions (only a few observations were obtained, which are not shown). U z ΔT has the largest correlation with H in different atmospheric stability bins (Figure 4d ). ΔT has relatively higher coefficients of determination than U z under extremely unstable and unstable conditions, while under weakly unstable to neutral conditions, U z , rather than ΔT, is more strongly correlated with H (Figures 4b and 4c ). Additionally, ΔT shows relatively stable correlations with H (R 2 = 0.4), while the correlations between U z and H increase from extremely unstable condition to neutral conditions (R 2 changes from 0.32 to approximately 0.6). Therefore, we conclude that the transport mechanism of H at half-hourly scales has a stable effect through ΔT, while the transport efficiency (U z ) shows increasing significance with increased U z . For LE, U z ΔE describes such variations and has the best correlations under all atmospheric conditions (Figure 4h ). The coefficients of determination for U z are all larger than 0.25 (Figure 4f ), while ΔE displays relatively larger correlations under unstable conditions but has values close to 0 at near-neutral and neutral conditions ( Figure 4g ). Thus, it is concluded that U z makes a relatively significant contribution to LE, while ΔE is only important under unstable atmospheric conditions (with smaller wind speeds and larger temperature gradients).
Environmental Controls on Turbulent Flux Over Daily and Monthly Scales
On daily scales, the daily average T s and vapor pressure (E s ) at the water surface are larger than the daily average T a and vapor pressure (E a ) in the air (Figures 5g and 5h) (Figure 5e ), and the atmosphere is always in an unstable condition (Figure 5f ) due to the large ΔT and ΔE.
Of all the single meteorological variables as shown in Table 2 , ΔT and ΔE show the best correlations with H and LE for daily and monthly scales. In contrast, U z has relatively small correlations with H and LE at daily and monthly scales; however, the contribution from U z cannot be ignored. It could increase the Table 4 . Thus, cold fronts and entrainment of dry air , together with the effects of high winds, are considered to be evaporation pulse events, which are thought to increase evaporation through large U z and large ΔE. Atmospheric stability is almost uncorrelated with H, while the coefficient of determination between LE and atmospheric stability is 0.27 for daily scale and 0.59 for monthly scale. R n has a negative correlation with H (R 2 = 0.17), which reflects the phenomenon of observed larger temperature gradient during low-temperature periods (i.e., at night or during cool seasons). And R n has a weak positive correlation with LE, as in Granger and Hedstrom [2011] and Nordbo et al. [2011] . Moreover, U z shows relatively larger correlations at half-hourly scale than at daily and monthly scales. Meanwhile, the correlation coefficients increase from half-hourly scales to monthly scales for ΔT (U z ΔT) and ΔE (U z ΔE). Atmospheric stability and net radiation have better correlations for H and LE, respectively, at daily and monthly scales than at half-hourly scales.
Diurnal Variation of Turbulent Flux and Environmental Variables
H has relatively higher values at night than during the day, similar to the diurnal variation in ΔT (Figures 6a  and 6c ). LE has relatively high values in the afternoon, which is similar to the variation in the ΔE (Figures 6b and 6d ). As shown in Figure 6 , U z has a clear influence on the average diurnal variation in H and LE, where two peak values are clearly observed at 3:30 and 8:00 in U z , U z ΔE, U z ΔT, H, and LE. We deduce that the large latent heat fluxes are caused by coupling effect between U z and ΔE, with a higher contribution from U z at night and a higher contribution from ΔE during the day. Moreover, ΔT and ΔE determine the average diurnal variation in H and LE, while U z adjusted the magnitudes of these fluctuations. Fréchet distances and RMSE values calculated for normalized H, LE, and all the environmental variables over diurnal, daily, and monthly scales are shown in Table 3 . Similar as the previous results, the variation of diurnal, daily, and monthly values of U z ΔT and U z ΔE have the smallest Fréchet distances and RMSE values with H and LE, respectively. The variation in ΔE is much more similar to the variation in LE than that in U z at diurnal, daily, and monthly scales. Similarly, the variation in ΔT has a closer similarity with H than that in U z at daily and monthly scales, with an opposite result at diurnal variations, which may indicate the effect of lake-land breeze circulation. Moreover, atmospheric stability has the least similarity for H and LE with only an exception with LE on monthly scales. 
. Energy Budget
During the ice melt period, water and ice are mixed with all the energy used for phase transition, and the temperature at 0°C is considered as a reference for the cumulative heat storage (G c ) calculation. The variation in G c , the relationship between "daily residual heat" (defined as (R n ) i À H i À LE i here) and daily water heat storage (G si ), and the variation in daily residual heat and temperature difference of pairs of consecutive days (ΔT i ) are shown in Figure 7 . Generally, the lake gains heat from April to June and releases it mainly through October (Figure 6a ), when turnover may speed up the heat release process as in Nordbo et al. [2011] . G c achieves a maximum value of approximately 65 MJ m À2 in both 2012 and 2013. This value is smaller than that from a 0.041 km 2 lake Valkea-Kotinen [Nordbo et al., 2011], which has a higher average temperature at 1 m depth. The daily residual heat has a positive correlation coefficient (R = 0.6) with the total G si (Figure 6b ). However, it should be noted that daily residual heat is calculated by averaged half-hourly data, while G si is the daily total stored heat at 1 m depth in the water. Moreover, the variation in daily residual heat corresponds well with the variation in ΔT i (Figure 7c ), and the observation that positive (negative) residual heat corresponds to lake temperature increase (decrease) justifies our observations. The variation in G c also indicates that heat release (accumulation) could also occur during periods when heat is stored (released). The average energy balance closure (EBC), considering temporal scales of daily, from 10 April 2012 to the end of September 2012 is approximately 0.836.
The diurnal cycle of monthly average R n peaks at solar noon (approximately 14:00 GMT +8) and is negative at night, with values ranging from 800 W m À2 to À130 W m À2 (Figure 8a ). R n is generally larger than that from a low-altitude lake [Liu et al., 2012] with similar latitude. The diurnal cycles of G s behaved similarly to net radiation, with earlier peaks due to the occurrence of the largest temperature increases at approximately 12:00 (GMT +8) in Figure 8b . The values, with deep layer included, ranged from approximately 370 W m À2 (in April) to À300.0 W m À2 (in November), and most of the energy gained during the day was released at night. Moreover, G s obtained through surface temperature (one close to the water surface) has a much larger amplitude than that through two temperatures (one close to the water surface and one at 60 cm), i.e., July and August in 2012 and 2013. However, this difference is quite small during heat releasing period in September and October. G s fuels the nighttime turbulent fluxes, where significant nocturnal LE and H are present. H generally reaches its minimum value in the afternoon and its maximum value in the early morning (Figure 8d) , with similar diurnal variations as in the temperature gradient [Liu et al., 2012] . The different shape of H in April was influenced by U z , with relatively small values at night and relatively large values during the day; these values ranged from 15 W m À2 to 55 W m À2 . Diurnal cycles of LE achieve their maximum values in the afternoon (18:00 GMT +8), while the minimum values occur at night (Figure 8c ).
The average energy balance closure (EBC) is 0.93 during part of the whole open-water period (from 10 April to 31 October) with values falling between a minimum of 0.78 in May and a maximum of 1.57 in October Journal of Geophysical Research: Atmospheres 10.1002/2016JD026109 (Table 4 ). Most of the energy absorbed in April to June is released during September to November, whereas the water storage in July and August is relatively small. If the unavailable net radiation in November were to have a value of 50 W m À2 , the EBC value would be much closer to 1 (0.97). The EBC value is generally high compared with the results of other energy budget studies [Nordbo et al., 2011] . The EBC value is supported by the following reasons: the turbulent fluxes are based on eddy covariance measurements; observations that are contaminated by inadequate footprint, bad data quality, or instrument errors are suitably (1) Due to the lake's environment and complex underwater bathymetry, the heat storage in the water and heat transfer between water and sediments are heterogeneous. For example, the heat storage estimated from shallow observations does not represent the heat storage of the whole lake. The imbalance of the energy budget on daily and monthly scales reflected by our observations suggests heat transfer through mixing or vertical heat exchange through the water-sediment interface. Further, the footprints of our measurements of eddy fluxes, radiation, and water storage are not identical, and mismatches in these footprints will result in an apparent imbalance among energy budget components. However, such effects could be partly ameliorated for the whole ice-free period.
(2) The eddy fluxes may be generally underestimated due to undetected large eddies [Foken et al., 2006] . Vertical and horizontal advection may exist in the lake-land circulation, and this advection cannot be captured by EC instruments. Such effects may be strong for lakes with complex surrounding environments as in Nordbo et al. [2011] but should be relatively small for the homogeneous area surrounding the small lake examined in this study.
(3) This small lake, which has no inflow and no outflow, should dry out given that evaporation exceeds precipitation. Therefore, some water must be supplied by groundwater. Such an influx of water will lead to an energy budget imbalance, and it needs to be quantified by further water balance analysis.
(4) The B model will overestimate LE when stable atmospheric conditions dominate over the water surface . Although unstable and neutral atmospheric conditions dominate over this small lake, stable atmospheric conditions may occur occasionally.
Evaporation
Evaporation values from six high-altitude lakes are listed in Table 5 , and the position of each lake is shown in Figure 1a . Evaporation from the small lake over the ice-free period (from 10 April through 10 November) is approximately 812 mm, which is larger than the climatological normal value for Nam Co (lake 2 in Figure 1a ), which has an average evaporation of approximately 627 mm, as shown in Table 5 derived using the Flake model [Lazhu et al., 2016] , the complementary relationship method [Ma et al., 2016] , and bulk methods [Shigenori et al., 2009; Xu et al., 2009 ]. The larger evaporation may result from the larger water vapor pressure gradient caused by higher lake surface temperatures in the small and shallow lake than in the large and deep lake, as the former will have weaker wind-induced mixing and a shallower mixing layer depth. The differing duration of ice-cover periods is another factor that can explain evaporation differences. The evaporation from the small lake is also much larger than that of lake Ngoring (lake 4 in Figure 1a ) [Li et al., 2015] , which has a value of 440 mm from June to November. In addition to lake Ngoring's large area and great depth, it also experiences smaller net radiation, which is another factor explaining why it experiences relatively small evaporation compared with our results. Our result is much closer to the evaporation determined by EC and artificial neural network (ANN) methods in Erhai Lake (lake 5 in Figure 1a : Erhai Lake has an evaporation value of 874 mm ), bulk method-derived evaporation estimates from Yamdrok Yum Co (lake 1 in Figure 1a , which has an evaporation value of 830 mm [Yu et al., 2011] ), and Penman method-derived evaporation from Zige Tang Co (lake 3 in Figure 1a , which has an evaporation value of 747 mm [Li et al., 2001] ) over the same period. Climatic backgrounds (radiation, cloud cover, etc.), morphological characteristics (shape, depth, area, etc.), surrounding environments, and the type of simulation methods used (bulk methods, Penman methods, etc.) will introduce uncertainties into the reported evaporation values.
Conclusions
The environmental factors controlling turbulent flux and energy budget over temporal scales of half hourly, daily, and monthly were analyzed by using 2 years of EC, radiation, and water temperature profile measurements over the ice-free period of a small high-altitude lake on the Tibetan Plateau. After analyzing half-hourly lake-air turbulent flux data, a bulk aerodynamic transfer model is calibrated and used to interpolate turbulent flux values over periods when the measurements are inadequate or missing. Thus, continuous measurements over two ice-free periods are obtained for further daily and monthly analysis. The main results are summarized as follows: the optimized parameters from observations collected in 2012 are adequate for observations in 2013, and it suggests adequate of B model for interpolating over missing or inadequate data, with monthly mean biases of À 2.2 ± 1.1 W m À2 in H and 11.2 ± 3.7 W m À2 in LE. At half-hourly scales, wind speed shows an increasing trend in correlations with H from extremely unstable to neutral atmospheric conditions, while the contribution from temperature gradient is relatively stable (R 2 = 0.4). For LE, wind speed generally has a higher contribution, while water vapor gradient shows almost no correlation under near-neutral and neutral conditions. Generally, wind speed is most important at half-hourly scales, while temperature gradient and water vapor gradient are most important at daily and monthly scales. The evaporation over the small lake is approximately 812 mm, larger than that from Nam Co, and the energy budget over the entire ice-free period is generally closed, with an estimated EBC value of approximately 0.97.
